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AUGUST 1879. 423 

ON THE NAINTENANCE OF CONSTANT PRESSURE I N  
WATER SERVICIE PIPES. 

- 
BY MR. STEPHEN ALLEY, OF GLASGOW. 

- 

The experience of waberworks engineers, after many years’ trials 
and experiments, all tends to prove that with proper management it 
is possible to maintain a constant supply of water with as much 
economy as can be attained with an intermittent supply. The 
objections to an intermittent supply are manifold; but the most 
serious is perhaps the fact that the unwholesome gases which arise 
from water-closets and other sources are apt to be forced by the 
atmospheric pressure into the water mains when the water is shut off, 
and consequently the water afterwards supplied is contaminated by 
these gases. I t  has been proved in Manchester that a constant 
service, if combined with a regular and well-organised system 
of house-to-house inspection of taps and fittings, may be maintained 
with a saving in the consumption of water, as compared 
with an intgrmittent supply. But a constant service, without some 
means of regulating the pressure to meet the varying consumption at  
different honrs of the day, will, unless the pipes and Gttings are in 
thorough repair, be more wasteful through leakage than an intermittent 
supply. With an intermittent supply the pressure is in the pipes 
only when the consumption is greatest ; while with a constant supply 
the pressure rises to the maximum when the consumption is least, 
thus straining unnecessarily the pipes and fittings. 

The maintenance of these in an efficient state so as to prevent 
leakage has of late years been a matter of serious consideration to 
waterworks engineers. Mr. Deacon, of Liverpool, has done much 
towards this end by the introduction of his meter, which registers 
automatically the consumption of water during each hour of the 
twenty-four. When an undue consumption is indicated in a district 
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controlled by one of these meters, the night inspectors test the 
service pipes in that district by applying the ear to the top of a 
turnkey resting on the service pipe, by which means they hear if 
water is passing the tap. If water is passing, the night inspector 
reports it, and the fittings in the houses supplied by these service 
pipes are examined by the day inspector, and, when found defective, 
are removed or repaired. 

I n  Glasgow the Deacon waste-detecting meter has been 
introduced with considerable success, and great energy has been 
displayed by the engineer, Mr. Gale, and his assistants in instituting 
a proper survey of household water-fittings ; but the difficulties that 
beset waterworks engineers, while carrying out a house-to-house 
inspection, are much greater in Scotland than in England. In  
EngIand most of the houses are occupied by a single tenant, and 
consequently have a separate service pipe ; while the dwellings of the 
working classes have in general no water-closets, and are supplied 
from a single tap. In  Scotland, on the other hand, the majority of 
the population reside in flats; and as many as twelve to fifteen 
families may (be supplied with water from one service pipe, each 
family having a water-closet and water-tap. 

One of the chief sources of waste is undoubtedly leakage through 
Bervice pipes and fittings; and such leakage is both produced and 
aggravated by undue pressure. Some apparatus for regulating this 
pressure is therefore very desirable. The system at present adopted 
by engineers for ‘this purpose is generally defective, as it gives no 
means of regulating a varying inlet pressure in such a way as to 
maintain a steady outlet pressure with a varying outlet consumption. 
This method is an arrangement of sluice valves, which is carried 
out in the following manner. 

A pressure station is established, usually at a convenient situation 
near the trunk main, where it enters the town. If the town is large 
and of varying levels, two or more branches are led off from the 
trunk main, each branch being provided with a sluice valve. The 
town is then divided into zones, regulated by the levels ; one branch 
being led to the highest district, and the others to the lower districts. 
A pressure gauge, placed inside the pressure station, is connected to 
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the outlet side of each sluice valve by means of a small pipe. The 
attendant, whose duty it is to watch these gauges and keep a register 
of the pressure at various hours, is supposed to open and shut the 
valves as the pressure increases or diminishes, and thus to 
equalise it to suit the requirements of consumption at the various 
hours of night and day. In  cities like Glasgow it is impossible for 
the attendant at the station to control the pressure over such a large 
area. He may, with care and considerable bodily exertion, keep the 
pressure somewhat regular in the trunk mains, immediately behind 
the controlling sluices; but he cannot control districts at a 

distance, the friction of the pipes being sufficient to disarrange his 
calculation ; and a sudden draught of water in a district at a distance, 
where in all probability the pipes are small, would not be indicated at 
the station for a considerable time after the necessity for increasing 
the pressure arose. I n  cases of fire this has been most detrimental. 
If a fire occurs while the sluices are partly dosed, there is 
a scarcity of water, and consequently an unnecessary destruction of 
property. To  proTide against this contingency, it is the practice 
to keep the supply passing through the main sluices in excess of 
that actually required for consumption. But this has its objections, 
as, when the legitimate consumption is small, the pressure gathers 
far above that requisite, and causes the weaker fittings to give 
way, thus increasing the waste of water. I t  is impossible to 
detect this waste except by a house-to-house inspection when the 
pressure is highest, say between the hours of 12 at night and 5 in 
the morning, which is impracticable. Fittings of all kinds often 
leak seriously at night, when the pressure is heavy, but appear 
perfectly tight in the day time, when the pressure is light. 

The importance of economising water supply is daily becoming 
more apparent. I n  large cities the question is carefully considered, 
because the water supply is generally under the control of an 
engineer of ability, who takes every care to prevent undue waste, and 
who has at his disposal a large and experienced staff of assistants and 
inspectors. In small villages the case is different ; the tax-paying 
population being less numerous, the burden of such officials cannot 
well be borne. The natural result is that the water-fittings, from 
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want of proper attention and inspection, get into a state of disrepair, 
and the waste of water is enormous. To allow for this waste, 
engineers in designing such a water supply put in much larger mains 
and reservoirs tban would be necessary if the consumption could be 
economised ; and consequently small communities (which can ill 
afford a large outlay) are compelled to spend more money than would 
be needed if means were adopted to oontrol the pressure, so as to give 
merely the supply sufficient for the legitimate requirements of the 
population. 

The foregoing remarks lead to the following conclusions :- 
1st. The ordinary screw-down or sluice valves in general use, for 

reducing the pressure on mains or service pipes, are defective, 
inasmuch as they do not prevent the outlet pressure from rising on 
any increase of inlet pressure, or from falling rand rising on any 
increase or decrease in the consumption of water. 

2nd. Any sudden draught, such as the opening of a few hydrants, 
will reduce the pressure in an entire district at the time when i t  
may be most needed. This necessitates the maintenance of a much 
greater maximum pressure on the mains than is necessary for the 
legitimate supply of the district. 

3rd. Increase of pressure entails inorease of leakage, by forcing 
water through defective joints in the mains and service pipes, and 
also by producing defects in consequence of the increased strain on 
the joints. 

4th. In  the case of domestic supply, if a valve or stop-cock becomes 
defective, or is unnecessarily left open for a given time, a much 
larger quantity of water will run to waste under the higher than under 
the lower pressurn. 

5th. It is desirable that the water supply should be so controlled 
that the pressure at all the levels of a city or district shall be 
equal to its requirements ; and this pressure should remain the same 
under a varying inlet supply and outlet consumption. 

These requirements are met by the controlling 'valves or Water 
Regulators about to be deseribed, which are the invention of 

 at Gazi University on August 19, 2014pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


AUGUST 1879. WATER PRESSURE REQULATOR. 427 

Mr. William Foulis, M. Inst. M. E., who has been so successful in 
designing a governor for regulating the pressure of gas. The benefit 
of self-acting regulators or reducing valves has long been felt in the 
case of gas. At one time screw-down or slide valves were used, 
which were opened or shut as the consumption increased or 
diminished : but weighted governors are now in common use, which 
maintain B constant outlet pressure under all variations of 
consumption. 

The action of the water governors now to be described is 
analogous to that of gas governors. If, for example, the pressure on 
a supply main is 100 lbs. per sq. in., and it is desired to give 
a pressure of only 40 lbs. in a certain district, the governor, being 
once loaded to 40 lbs., will maintain this pressure const&, although 
the inlet pressure varies, or although the consumption falls to zero, 
or although i t  increases to any extent short of the utmost which the 
inlet pipe is capable of supplying. 

Many schemes have been suggested for valves t o  accomplish 
this end. These generally consist of valves balanced so as to  be 
independent of the inlet pressure, the outlet pressure being controlled 
by weights applied to the valve, either direct or through the medium 
of a lever. The impracticability of such arrangements, unless in. 
valves of small size, will be evident if the amount of weight 
necessary to alter the pressure on a valve of even moderate size is 
considered. A 12-in. valve, for example, has an area of 113 sq. in. ; 
hence, in order to vary the pressure to the extent of even 10 lbs. per 
sq. in., it would require the addition of 1130 lbs., or over 10 cwt. I t  
has also frequently been suggested to work regulator valves by a 
head of water; but in all these cases the head of water necessary 
has been equal to the outlet pressure desired. The special feature 
in the regnlator about to  be described is that even the largest valves 
may be worked by weights of a few pounds, or by a head of water of 
a few feet. 

I n  Plates 53 to 55 is represented the Regulator or governor, 
which consists of a valve A, Fig. 1, Plate 53, formed so as to give 
a gradual opening. Under this valve, and attached to it, is a piston B 

2 R  
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of the same diameter, working in a cylinder. The pressure from 
the inlet F, acting underneath the valve and above the piston, is 
neutralised, and has consequently no influence on the action of the 
valve. From the underside of the piston at E a small pipe 
cnmmunicates with an apparatus by which the pressure of water 
under the piston may be varied as desired. The valve being under 
the influence of pl, the pressure of water under the piston, and of p,, 
the pressure of water above the valve, and being otherwise free to 
move, will rise until p ,  equals pz  ; consequently whatever pressure 
per square inch is applied under the piston, an equal pressure will 
be maintained above the valve, and in the outlet pipe G. 

The means of obtaining the necessary pressure under the piston 
is by an apparatus which, from its compact form and small bulk, is 
specially applicable to town supply. This is shown in Fig, 2, 
Plate 54. I t  consists of a ram P, about 3 in. diameter, and 6 in. 
long, working in a cylinder Q. This ram is turned down or recessed 
at R, as shown. C is a pipe leading to the underside of the valve 
piston, D is a communication with the inlet of the valve, and H a 

communication either with the outlet or with B drain. A small hole 
through the lower part of the ram, shown by the dotted lines, 
communicates the pressure to its underside. The ram is continued 
through the top of the cylinder, and may be loaded with weights W to 
any extent desired. 

Suppose the ram 
loaded with weights equivalent to 40 lbs. per sq. in. ; it will  then be 
at its lowest position, and the pipe C, and consequently the underside 
of the valve piston, will be in communication, through the recess R 
in the ram and the pipe D, with the inlet pipe to the governor. 
If an inlet pressure is now admitted, this pressure will be communicated 
to the underside of the valve piston B, Fig. 1, and also through the 
small hole to the underside of the small ram P, Fig. 2 ; the valve will 
therefore rise, and pass the water freely, until the inlet pressure is 
equal to 40 lbs. on the Hq. in.; or, since the pressure in the outlet is 
always equal to the pressure on the underside of the piston, until 
the outlet pressure is equal to 40 lbs. Should the inlet pressure 
rise above this, the increased pressure acting on the underside of 

The action of this arrangement is as follows. 
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the small ram P will cause it to rise, and to open a communication 
between the recess R and the outlet H, as in Fig. 2 ; thus allowing 
a portion of the inlet water to escape from the apparatus and so 
reduce the pressure on the underside of the valve piston, and therefore 
in the outlet. This will go on until the pressure is again reduced 
to 40 lbs. per sq. in., when the ram P will fall and close the 
escape H. Any rise in the outlet pressure due to lessened consumption 
will of itself close the valve A. A varying inlet pressure may thus 
be made to  maintain a steady outlet pressure with a varying outiet 
consumption. 

This regulating apparatus from its small size may be placed in 
any convenient position-in the pillar of a lamp (as shown in Fig. 3, 
Plate 54), in a box in the ground, or inside a shop or office. The 
governor valve A itself is placed underground on the line of main at 
any distance from the regulating apparatus. The pipes from several 
governors may be led to one regulating apparatus, and thus the 
pressure on several districts may be controlled from one central 
station. 

Another method of controlling the outlet pressure maintained by 
the governor, suitable to cases where it is desired to maintain a 

uniform pressure on the district at all times, is to place a small 
cistern M (Fig. 4, Plate 54) at a convenient height above the valve, 
communicating with the bottom of the valve piston by means of 
Q small pipe C : the outlet pressure will then be in a constant ratio 
to the pressure given by the cistern. As the water in the cistern 
is withdrawn from and returned to it, and does not commingle 
with the water in the main, it may be mixed with glycerine or 
other suitable oil, to prevent freezing. In  order to enable the 
cistern to be placed at a moderate height, and yet to give the necessary 
outlet pressure, the governor valve is arranged as shown in Fig. 5, 
Plate 53. On the top of the valve A, and attached to it, is a 
supplementary piston I(, working in a cylinder having an area less 
than that of the valve ; the upper side of this piston is open to the 
atmosphere. The area of the lower piston B is, as before, equal 
tc~ that of the valve. A portion of the outlet pressure acting on the 

2 K 2  
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top of the valve will be balanced by the same pressure acting 
underneath the upper piston K, and in order to maintain equilibrium 
the total pressure under the lower piston B must equal the 
total unbalanced pressure above the valve : consequently the ratio 
of pressures per square inch will be as follows :- 

p ,  : p z  : : (a, - a,) : a, 

where p ,  represents the pressure given by the cistern per sq. in., 
pa the outlet pressure above the valve, a, the area of the lower 
piston B, equal to the area of the valve, and u2 the area of the 
upper piston K. Thus, if the areas a, and a, are in the proportion of 
3 to 2 the cistern placed at a height of 15 ft. above the valve will give 
an outlet pressure equal to 45 ft. head. 

Should it be desired to increase the outlet pressure, for the 
purpose of fire extinction, a communication may be opened between 
the inlet main and the pipe C leading from the cistern, by means of 
a small pipe D fitted with a three-way stop-cock L, Fig. 4. By a half 
turn of this stop-cock the underside of the valve piston B may be 
closed to the cistern and opened to the inlet main. The valve will 
then be kept full open, giving the full pressure of the supply main 
on the district while necessity requires it. 

Another modification is shown in Fig. 6, Plate 55, where the 
piston B beneath the valve is of smaller diameter than the valve A : 
in this case the underside of the piston is open to the atmosphere. 
The inlet pressure on the underside of the valve is not then 
completely balanced, but acting on the greater area of the valve 
tends to lift it, and wil l  lift it  until the total outlet pressure on 
the top of the valve is equal to the total unbalanced inlet pressure. 
The outlet pressure per square inch will then bear the following 
ratio to the inlet pressure :- 

p1 : p ,  : : a, : (a, - a,) 

pr being the inlet pressure, p ,  the outlet pressure, a, the area of 
the valve, and u2 the area of the piston. Thus, if the area a, is 
twice the area a,, then tlie outlet pressure will always be half 
the inlet pressure; and so with any other proportion. 
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This valve is very useful in a low-lying district supplied from 
a high level. For example, if the source of water supply be 
200 ft. above the district to be supplied, and it is desired to maintain 

pressure of 100 ft. head on the district, a valve such as this, 
having areas in the proportion of 1 to 2, will effectually maintain 
the desired pressure. This valve is entirely self-acting; and may 
also be usefully employed in braking the pressure on pipes coming 
down hill, instead of the cistern and ball-cock ordinarily used. A 
modified form of this valve is also used for service pipes, in districts 
where it is necessary to maintain a high pressure, but where i t  is 
desirable to reduce the pressure entering the houses, so as to lessen 
the strain on the house-fittings. By properly proportioning the areas 
the pressure may be reduced to any desired extent. In  one case such 
a valve is at work satisfactorily where the outlet pressure is only 
one-tenth of the inlet. 

I t  may be observed that the action of this valve is entirely different 
from a mere contraction or throttling of the pipe; which, while it 
reduces the pressure during the time water is being drawn, leaves 
the full pressure on the pipes and fittings when no water or only 
a small quantity is being used. The valve on the contrary opens 
and shuts as the consumption increases or decreases, thus maintaining 
the pressure constant. 

Another modification of this principle of water valve is that shown 
in Fig. 7, Plate 55, designed as a retentive valve in mains for water 
flowing downhill into a valley, and rising on the opposite side. This 
modification is similar to that shown in Fig. 5, having a piston B of 
equal area below the valve A, and above the valve a smaller piston 
K, the upper side of which is open to the atmosphere. The 
water here enters above the valve, as shown by the arrows, in 
the reverse direction to the preceding arrangements, and thus has a 
constant tendency to shut the valve. The difference of areas of the 
two pistons is made no greater than will just allow a sufficient 
unbalanced area on the top of the valve to enable the inlet pressure 
to overcome the friction of the valve and piston in shutting. The 
underside of the piston B below the valve communicates with the 
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inlet by a small pipe I, and with the outlet by a similar pipe J 
of larger diameter ; these pipes are each provided with a stop-cock. 
The valve A is opened by shutting the cock J on the outlet side and 
opening the cock I on the inlet; the inlet pressure acting on the 
bottom of the piston B then opens the valve. The stop-cock J on the 
outlet side is then opened, and the valve is maintained open partly 
by the outlet and partly by the inlet pressure. Should a pipe burst 
in the valley however, and so greatly reduce the head of water on 
the outlet side, the pressure under the piston wi l l  fall and the valve 
will shut. 

It will be observed that the valves are exceedingly simple in  
construction, there being only one moving part; and in all the 
modifications the whole working parts may be removed on taking off 
the top cover N, in each case. 

The applications of this system to economise the water supply 
of cities and towns are numerous. All towns are more or less 
unequal in level, and in all cases the pressure must be sufficient to 
command the highest building in the highest district, and will 
therefore be greatly in excess of what is required for the lower 
districts, Towns should be divided into districts regulated by the 
levels, and in each district should be placed a governor so loaded as 
to reduce the pressure to the desired head. The system may be 
carried further ; a trunk main may be run along the principal streets, 
and a governor placed at each cross street, so as to regulate the flow 
and pressure at each side of the trunk main ; the head being modified 
to suit the requirements of each street. If a street is composed of 
cottages, the head may be reduced to 30 or 40 ft. ; if the pipe is for 
the supply of street wells for the working olasses, then a head of 
10 or 12 ft. is quite sufficient, The saving of water that would accrue 
from such an arrangement is almost incalculable ; besides which the 
pressure would be reserved for the districts where it was required. 
I n  the case of a fire in any of the side streets, the pressure could at 
once be increased by placing an extra weight on the governor. 

The modification shown in Figs. 4 and 5, Plates 53 and 54, is 
specially intended for cases where a predetermined uniform pressure 
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is sufficient to meet every requirement; such, for example, as the 
junction of side mains, supplying streets of small houses, with a 
trunk main in which i t  may be requisite to have a good head of 
water. The controlling cistern M in this arrangement may be placed 
a few feet from the ground on the wall of a house, or fastened to 
a lamp-post; and the full pressure in the trunk main can at once 
be utilised, in the case of fire, by turning the small three-way cock 
L, Fig. 4. The waste of water from defective fittings will be reduced 
in proportion to the square root of the reduction in pressure ; and, if 
taps or valves are carelessly left open, the waste of water which 
takes place by such neglect will be materially diminished. 

The modification shown in Fig. 6, Plate 55, is not intended t o  
be used as a governor, but simply to reduce the pressure in a fixed 
ratio. For example it may be used as a brake pressure-valve, and by 
its adoption the expensive cistern and ball-cock arrangements, now 
generally used for braking pressure on descending mains, can be 
entirely dispensed with. The smaller sizes again are of great value 
for reducing the pressure in service pipes to houses, in cases where the 
pressure has not been previously reduced by the governor. In high 
buildings which have cisterns at various levels supplying water- 
closets, a valve of this kind on each flat will make the pressure at all 
the flats uniform; the injury to fittings caused by undue pressure 
will thus be avoided, and waste at  the same time diminished. 

The arrangement of retentive valve, Fig. 7, Plate 55, is intended 
to prevent the possibility of emptying a reservoir and flooding a 
district by the bursting of a descending main in a valley, Many 
attempts have been made to produce a valve of simple construction 
for this purpose, but the author is not awtlre of any that have 
proved satisfactory. With this valve the action is positive, inasmuch 
as the valve closes instantly if the head on the discharge side is 
materially diminished. 


